The objective of this experiment was to determine whether faba bean could successfully be used in feeds for weaner pigs in the period 10 to 25 kg liveweight. An experiment was conducted using 48 weaner pigs (average weight 10 ± 0.42 kg) to determine the nutritive value of dehulled faba bean meal (Vicia faba cv. Fiord) in comparison with full-fat soy. Two basal feeds were formulated, the first containing no faba bean but with full-fat soy (FFS) as the protein source, while the second contained 300 g faba bean/kg feed (FB). These feeds were blended to produce a series of five feeds (T1 to T5) containing a range of faba bean contents. In addition, a choice feeding treatment was included in the experiment to determine whether pigs showed preferences for or against faba bean. The experimental feeds were: 1) 1.0 FFS; 2) 0.75 FFS + 0.25 FB; 3) 0.5 FFS + 0.5 FB; 4) 0.25 FFS + 0.75FB; 5) 1.0 FB and 6) choice between FFS and FB. Feeds were formulated to meet or exceed NRC (1998) nutrient requirements of weaner pigs. Diluting full-fat soya with dehulled faba bean meal had no effect on growth rate (ADG), feed intake (ADFI), feed conversion efficiency (FCE) or time taken to attain final weight. Male pigs had a numerically higher ADFI (1150 vs. 992 g/d) and ADG (553 vs. 539 g/d) than females, and reached the final liveweight on average 3 d before the females. When given a choice between the two basal feeds, no preference was shown for either feed. It may be concluded that a feed for weaner pigs may contain as much as 300 g dehulled faba bean/kg without causing any deleterious effects on performance as long as the quality of the faba beans is the same as that used in this trial.
Introduction
Faba beans (Vicia faba) may be considered a potential source of protein and energy in pig feeds, being rich in both and with an amino acid content similar to that of soybean except for a lower level of methionine (Bond et al., 1985) . However, the use of faba bean as an alternative energy and protein source in growing pig feeds has produced contradictory results due to the level of inclusion in the feeds and the presence in some cases of anti-nutritional factors, most especially tannins (Marquardt et al., 1974; Abbey et al., 1979; Moseley & Griffiths, 1979; Brand et al., 1995) . It has been reported that growth of pigs given feeds containing faba bean is less than that predicted from its chemical composition (Aherne et al., 1977) . The discrepancy becomes more apparent when inclusion rates exceed 0.15 in the feed while at 0.40 severe reduction in performance has been observed (Fowler, 1980) , although in the trial conducted by Brand et al. (1995) performance was not reduced when faba beans were included at 0.2 of the diet. Where performance has been reduced by the inclusion of faba beans this has been attributed to the content of condensed tannins and nonstarch polysaccharides (NSP) in the seeds. The testa of the majority of the commonly grown commercial varieties of faba bean is known to contain appreciable amounts of condensed tannins (proanthocyanidins) and the significance of these polyphenolic compounds in reducing the nutritive value of faba bean seeds for monogastric animals has been clearly established (Reddy et al., 1985; Marquardt, 1989) . The inclusion of high amounts of faba bean in feeds has been reported also to have detrimental effects on the performance of rats (Marquardt et al., 1974; Abbey et al., 1979) and chickens (Guillaume, 1977 , Rubio et al., 1990 . These effects are associated with an astringent taste as well as with the ability of condensed tannins to form complexes with digestible dietary proteins, with enzymes or with both (Wiseman & Cole, 1988) . However, it should be recognized that the astringent taste and reduced acceptability associated with high levels of tannins will be diluted, depending on the level of inclusion of faba bean in the formulated feeds. Marquardt et al. (1973) reported that most of the anti-nutritional factors found in the beans are located in the dehulled cotyledon, which led them to recommend dehulling and heat-treating the bean for optimum efficiency of faba bean utilization. Jansman et al. (1995) and Knox et al. (1995) also indicated that the poorer digestibility of the starch from coloured-flowered varieties of faba bean is due to the higher proanthocyanidin (condensed tannin) content of the hulls of these varieties compared with the white-flowered varieties.
The variety of faba beans used in this trial was the same as that used in the trials of Brand et al. (1995) and Perez-Maldonado et al. (1999) , and is the only variety grown commercially in South Africa. Brand et al. (1995) determined the alkaloid content of the beans using the method described by Ruiz (1977) and found no trace of any alkaloids in the seed. However, they did find that the beans contained tannin (0.48 %). Similarly, Perez-Maldonado et al. (1999) measured the condensed tannin content using the method described by Perez-Maldonado & Norton (1996) and found a total of 15.1 Desmodium intortum equivalents. They did not specify whether they tested hulled or dehulled beans but it is presumed that hulls were present.
In a previous growth trial (Harding & Gous, 2006, unpublished) to evaluate dehulled faba beans as a protein and energy source for growing pigs between 25 and 85 kg liveweight, it was observed that an inclusion level of 200 g faba bean/kg feed supported the same rate of growth as that of a soya-based feed. Where a choice was offered between feeds containing soya and faba bean the pigs consumed the same amount of each feed, suggesting that the levels of tannins and other anti-nutritional factors (ANFs) in the variety tested were sufficiently low not to influence its acceptability as a protein source.
In previous trials in which faba beans have been evaluated as a protein source for pigs, other than that by Harding & Gous (2006) , only one concentration of faba beans has been used, this usually being around 200 g faba beans/kg feed. An important question is whether the responses in food intake, growth or feed efficiency would change as the concentration of faba beans in the feed was increased. The objective of this study was to measure the response of weaner pigs between 10 and 25 kg liveweight to increasing concentrations of dehulled faba bean, up to a maximum of 300 g/kg, and to determine whether the piglets would avoid this protein source when given a choice between a feed with 300 g faba beans/kg and another without this protein source.
Materials and Methods
The dehulled faba beans (Vicia faba L.) used in this trial were sourced from the Department of Agriculture, Cedara, in Pietermaritzburg, KwaZulu-Natal Province, South Africa. A dose response trial was designed, with a further choice-feeding treatment added. Two basal feeds (Table 1) were formulated, one without faba bean meal (containing 300 g full fat soya/kg feed) (FFS) and the second containing 300 g dehulled faba bean meal/kg (FB). These two basal feeds were blended in appropriate proportions to produce a series of five feeds (Treatments 1 to 5) containing a range of faba bean contents. The experimental feeds were: 1) 1.0 FFS); 2) 0.75 FFS + 0.25 FB; 3) 0.5 FFS + 0.5 FB; 4) 0.25FFS + 0.75 FB; 5) 1.0 FB; and 6) a choice between FFS and FB. Feeds were formulated to meet or exceed the NRC (1998) nutrient requirement of growing pigs. All feeds were made available ad libitum and fed in mash form.
The 48 commercial Large White x Landrace pigs used in this experiment were purchased from a commercial farm near the project site. The pigs were fed a commercial weaner feed until the mean weight of all pigs was 10 ± 0.42 (mean ± SD) kg, when they were placed on the experimental feeds. The pigs were ranked according to body weight within a sex, and pigs within each weight category of six were then randomly allocated to one of the six treatments. Four males and four females were allocated to each dietary treatment and each pig was housed individually.
Each pen (1.92 m 2 ) was equipped with a nipple drinker and two hardened plastic self-feeder bins (Big Dutchman). Animals were allowed free and continuous access to food and water. Each pig was weighed weekly, the amount of feed in the bins was checked daily and any feed required was weighed in and recorded. On reaching 25 kg liveweight each pig was removed from the trial and the food remaining was weighed. Average daily live weight gain (ADG) for each pig was determined by fitting a linear regression to the weights recorded over time. Mean daily feed intake was calculated as the difference between feed input over the whole experiment and that remaining at the end divided by the time taken to reach the final liveweight. Because the first five dietary treatments constituted a response series, with increasing faba bean contents, these treatments were analysed by regression using a second order term initially, but where this was not significant, a linear regression was used. To test whether the choice made by pigs on treatment 6 differed from 0.5 (no choice) a one sample Student t-test was used. Genstat (2005) was the statistical package used for these analyses.
All chemical analyses on the ingredients and the feeds were performed in duplicate. The two basal feeds along with a sample of the dehulled faba bean meal used were finely ground to pass through a 1-mm screen before chemical analysis. Feeds and faba bean meal samples were analyzed for dry matter (DM), gross energy (GE), neutral detergent fibre (NDF) and crude protein (CP). DM and NDF were determined according to the AOAC (1990) procedures. The faba bean meal was further analysed for the presence of condensed tannins, which were quantified using the vanillin-sulphuric acid assay method of Kuhla & Ebmeier (1981) , modified by using catechin instead of phloroglucinol as a reference compound. Briefly, 200 mg of faba bean (sieve mill 1.0 mm) was extracted in 30 mL of dimethylformamide (0.8 in water) containing 0.01M sodium sulphite under reflux conditions for 30 minutes. Aliquots of 0.5 mL, containing ca. 10 µg equivalents of condensed tannin were incubated for 20 minutes at room temperature in 0.2% vanillin/70% sulphuric acid (w/w) before absorption measurement at 500 nm. CP (N x 6.25) content was determined using a LECO NS 2000 Nitrogen Analyzer (LECO Corporation, St. Joseph, MI). GE was measured using a Parr adiabatic bomb calorimeter (Parr Instrument Co., Moline, IL).
Results
The analysed GE, CP and NDF contents of the two basal feeds and the faba beans used in the trial are shown in Table 2 . The digestible energy (DE) content of the two feeds was calculated from the GE and NDF using the equation of Whittemore (1998). The condensed tannin content in the faba beans was <0.5 % catechin equivalents (Table 2) . Throughout the duration of this experiment the pigs remained healthy, and readily consumed the experimental feeds offered. Male pigs had a numerically higher average daily feed intake (ADFI) (1150 vs. 992 g/d) and average daily gain (ADG) (553 vs. 539 g/d) than female pigs. Although the magnitude of responses differed between males and females, no significant interactions existed between sex and dietary treatment, so the means for the two sexes were pooled. These pooled means, for ADG, ADFI, feed conversion efficiency (FCE) (g gain/kg feed) and time to reach the final liveweight are presented in Table 3 for the six dietary treatments imposed. There were no differences in ADG, ADFI, FCE or time taken to reach final liveweight among the dietary treatments, nor were the regressions of these variables (Treatments 1 to 5) against faba bean inclusion significantly different from zero (Table 4) . A quadratic term was included in the regression model initially, but in no case was this significant, hence it was dropped and only the linear term fitted.
In the treatment in which pigs were offered a choice between the soya and faba bean basal feeds the proportion of faba basal chosen was 0.436 ± 0.10, which proved to be not significantly different from 0.5 (P >0.5), indicating that the pigs showed no preference for either of the two basal feeds. 
Discussion
The acceptability of dehulled faba beans as a replacement for full fat soybeans in weaner pig feeds was investigated in this study. Of interest was whether a significant trend in performance would be evident as a result of the changing proportions of soya and faba beans in the experimental feeds, and whether the pigs would choose one of the basal feeds in preference to the other. The results suggest that the nutritional quality of the two basal feeds was sufficiently similar in all respects such that performance was the same on all experimental feeds, and neither of the feeds was chosen in preference to the other.
The DE value used for faba beans in the formulation of the faba bean basal feed was identical to the analysed value (12.2 MJ/kg). However, the DE of the two basal feeds used in the trial differed one from the other and from the calculated values, although this had no apparent influence on the result. The NDF content (166 g/kg) and crude protein of the seeds (236 g/kg) measured in this trial are in good agreement with the values reported by other authors (Chavan et al., 1989; Hulse 1994) . The chemical composition of faba bean is similar in most respects to that of soybean meal, the most important exception being the content of condensed tannins (Van der Poel et al., 1992) . The condensed tannin content of the faba beans used in this trial was low (<0.5% catechin equivalents). For some perspective on the variation possible in tannin content of faba beans, Jansman et al. (1994) compared two sources of faba bean hulls in which the condensed tannin contents varied from <0.1% (LT) to 3.5% (HT) catechin equivalents. They found that the apparent ileal digestibility of crude protein (N × 6.25) was lower for the HT than for the LT diet (0.614 v. 0.728; P <0.05) and argued that condensed tannins are probably responsible for the lower activity of trypsin in ileal digesta of pigs fed high-tannin faba bean hulls. In the present trial the hulls were excluded and the resultant tannin content was sufficiently low to have no effect on the performance of the weaner pigs. Nutritive value of legumes is influenced by species, source, level of inclusion in the feed, content of anti-nutritional factor and the methods of storage and processing (Gupta, 1987) . Low nutritive value of faba beans (Vicia faba) can be partly due to resistance of the bean storage proteins towards hydrolysis by digestive proteolysis enzymes such as pepsin and pancreatin (Liener & Thompson, 1980; Savelkoul et al., 1992) . The presence of tannin in the gastro-intestinal tract may induce complexes with dietary protein or digestive enzymes, or both, thereby reducing the digestibility of the protein (Marquardt, 1989) . The increasing additions of faba bean meal at the expense of full fat soybean did not affect the performance of pigs in this trial. Whereas some authors (Ahmed et al., 1991; Van der Poel et al., 1992) have reported a decrease in food intake and hence performance with an increase in faba bean content, others, such as Gupta & Haslam (1980) , suggested that the slightly astringent taste of condensed tannins increases palatability and stimulates food intake. Also faba beans contain oligosaccharides, mainly stachyose, raffinose and verbascose, which in turn contain glucose and galactose residues that can persist in sugar metabolism pathways in the digestive tract; according to Williams et al. (1988) this results in fermentation and increased production of methane and other gases, causing discomfort and abdominal pain. Where the content of these anti-nutritional factors is high, usually when hulls are not removed, it is more likely that performance will be reduced, as was the case reported by Fowler (1980) . Clearly, the higher the inclusion of such faba beans in complete feeds, the more severe the depression in performance. It is for this reason that a response trial is useful, as performance could be improved at low faba bean concentrations but increasingly reduced as the inclusion level is increased. In the present trial there was no such change in performance, as evidenced by the horizontal slope of the regressions reflecting the effect of increasing faba bean contents on performance. This lack of response confirms that the faba beans used here were of a high quality. If it can be assumed that appetite is a measure of the success (or failure) of an animal to attain sufficient of the essential nutrients required to grow to its genetic potential at the lowest physiological cost, then animals, when given a choice between feeds, will choose a combination that will maximize growth and minimize adverse metabolic reactions (Kyriazakis, 1997) . Therefore, measuring the preference made by pigs given a choice between the two basal feeds is a reliable method of identifying the presence of antinutritional factors. As the pigs showed no preference for the soybean basal, it may be assumed that if antinutritional factors were present in the dehulled faba beans used in this study the content was below that detectable by, or of consequence to, pigs.
Conclusion
The quality of faba beans used in this trial was such that pigs performed as well on this source of protein as they did on the soybean basal feed, and when offered a choice between the two basal feeds, showed no preference for one or the other. Consequently, a feed for weaner pigs may contain as much as 300 g dehulled faba bean meal/kg without causing any deleterious effects on performance as long as the quality of the faba beans is the same as that used in this trial. Where faba bean varieties with a high condensed tannin or oligosaccharide content are used, it would be unlikely that weaner performance would be unaffected. There are areas of South Africa where this protein source can be grown more successfully than can soybeans, and to avoid the high cost of transporting soybeans to these areas, there would be an advantage in cultivating faba beans and using them in place of soybeans for pig production.
